The Salgan and Yingan shales in the Keping area are Middle and Upper Ordovician hydrocarbon source rocks in the Tarim Basin, north-western China. Complete distribution of n-alkanes and isoprenoids can be obtained from the source rocks, while general terpanes (m/z 191) and steranes (m/z 217) were totally absent. Therefore, kerogens in these rocks were further treated by catalytic hydropyrolysis (HyPy) to obtain more biomarker information. As an efficient technique, Hypy successfully released bound terpanes and steranes. Furthermore, some maturity parameters were calculated. Based on the values of these parameters, the effective R o value of bound biomarkers in Salgan and Yingan shale was deduced to be in the range of 0.7-0.75% and 0.65-0.73%, respectively. Considering the artificial heating effect in HyPy technique, relatively lower values would be expected to the maturity of the bound biomarkers. Therefore, the incorporation of bound biomarkers into kerogen should occur even earlier, before the R o value reached 0.65%-that is, prior to oil generation window. For both the Salgan and Yingan shales, neither high maturity nor magmatic hydrothermal effects during the Permian were responsible for the loss of free biomarkers. The simplex organic matter input dominated by acritarchs might be the possible reason for the absence of free biomarkers.
INTRODUCTION
The Tarim Basin in north-western China is a large inland basin with numerous petroleum source rocks, chiefly Cambrian-Ordovician marine sedimentary rocks of the Palaeozoic petroleum systems Zhang et al., 2000; Ma et al., 2006; Gao et al., 2007; Wang et al., 2008; Chang et al., 2012 (Gao et al., 2007) . These shales contribute to a large extent to the hydrocarbon generation in the Lower Palaeozoic within the Tarim Basin. In our studies, large amounts of Soxhelt extracts were obtained in Salgan and Yingan shales. Especially, the saturated hydrocarbons make up 56.5-60.9 wt% of Soxhelt extracts with complete distribution of n-alkanes and isoprenoids, indicating high potential hydrocarbon generation ability and no weathering destruction. However, general terpanes and steranes in aliphatic fraction are absent in all samples from Salgan and Yingan formation in keping outcrop, even with single ion monitoring (SIM) mode analysis. It is therefore of great significance if sufficient quantities of biomarkers are obtained, since they are useful indicators of the thermal maturity of sediments and their palaeo-environment, and the types of organisms input involved (e.g., algal, bacterial, or higher plant sources).
In theory, biomarkers of sedimentary organic matter exist in three forms: free biomarkers, physically trapped biomarkers and chemically bound biomarkers (Love et al., 1995) . The free biomarkers are obtained by conventional Soxhlet extraction; the others can be released by pyrolysis or chemical degradation. Hydropyrolysis (HyPy) in the presence of a dispersed molybdenum catalyst at hydrogen pressures of 15 MPa has previously been found to release bound biomarkers with large yields of liquid products (Love et al., 1995; Robinson et al., 1991; Lafferty et al., 1993) . The compared results of sequential dichloromethane (DCM) and pyridine extraction with catalytic hydrogenation and hydropyrolysis treatment of an immature source rock and an oil shale (Love et al., 1995) showed that, the yields and configurations of the hopanes released by hydropyrolysis were between three and ten times more than from DCM extracts, while the biologically-inherited (thermodynamically unstable) 17β(H), 21β(H) stereochemistries of the biomarkers remained in the hydropyrolysate (Love et al., 1995; . Further studies proved that bound biomarkers were less mature than their free counterparts due to the protection of kerogen structure (Love et al., 1996; Lockhart et al., 2008) . Thus, HyPy is an effective technique of acquiring bound biomarkers in large amounts.
Based on the above mentioned, HyPy was designed to be conducted on the Salgan and Yingan shales in order to reveal the distribution and original composition of kerogen-bound biomarkers, with the expectation of providing adequate biomarker information for subsequent petroleum geochemical studies (oil/oil or oil/source rock correlations etc.).
EXPERIMENTAL DETAILS 2.1. Materials
Samples were collected from Keping outcrops, in which the Salgan and Yingan Formations during Middle and Upper Ordovician period were integrally emerged in a valley (Chen et al., 2000; Hennissen et al., 2010) . Salgan shale was sampled at 2 m intervals, and Yingan shale was collected every 1 m. 30 fresh samples in Keping outcrops, together with other samples from different areas in Tarim Basin were Soxhlet extracted, column chromatography separated and equipment analyzed in the whole process. No free biomarkers was detected even in SIM mode in all 30 shales from Salgan and Yingan Formation while generally occurred terpanes and steranes were detected in other samples. Furthermore, complete separation was successfully conducted since no saturated hydrocarbon compounds were detected in aromatic fraction. Thus, the loss of free biomarkers for Salgan and Yingan shales was not possibly from experimental errors.
In order to acquire the biomarker information, two samples with high TOC values were further selected from 30 samples for HyPy treatment and gas chromatography-mass spectrometry (GC-MS) analysis. The elementary geochemical data for the two samples are listed in Table 1 . The measured vitrinite reflectance (R o , %) for the Ordovician Salgan and Yingan samples are 1.25% and 1.36%, respectively, which are nearly at the end of oil generation.
Soxhlet extraction and kerogen preparation
The two samples were ground into 0.150-0.175 mm powder and Soxhlet extraction was carried out for 72 h with 400 ml of dichloromethane:methanol azeotropic solvent mixture (95:5 vol:vol) . The kerogen was isolated from the rock powder by HCl/HF digestion (concentrated HCl for 24 h followed by 48% HF several times for 48 to 72 h). The acid was then removed by exhaustive washing with distilled water. Then the isolated kerogen was Soxhlet extracted using an azeotropic solvent mixture of methanol:acetone:benzene (1:2.5:2.5 vol:vol:vol) for one week in order to remove adsorbed organic matter.
Catalytic hydropyrolysis
In the HyPy technique, the extracted kerogen was impregnated with an aqueous/methanol solution of ammonium dioxydithiomolybdenate [(NH 4 ) 2 MoO 2 S 2 ] to give a nominal molybdenum loading of 1% by weight. After being vacuum dried, the samples were firstly heated in the reactor tube from ambient to 300˚C at a rate of 250˚C/min for 10 min, then to a final temperature of 520˚C for 20 min under a hydrogen pressure of 15 MPa, with a flow rate of 1.0 L/min. The products were Table 1 . Geochemical data of Salgan and Yingan shales in Keping area, Tarim collected in the trap cooled with liquid nitrogen and recovered by DCM for subsequent fractionation. A more detailed description of the method is documented in the published literature (Love et al., 1995; 1996; Bishop et al., 1998) .
The blank experiments ( Fig. 1a ) without samples were added to confirm that the HyPy device (purchased from the University of Nottingham) remained sufficiently clean throughout the experiment. Additionally, the desorption experiment was conducted from 50˚C to 300˚C (held for 2 min) with a heating rate of 300˚C/min in order to release the adsorbed organic matter, which is shown in Figure 1b , c, d.
Products analysis
The Soxhlet extracts and the HyPy products were both concentrated, then separated by silica gel adsorption chromatography into aliphatics, aromatics and polar fractions (NSO compounds) by successive elution with hexane, hexane:dichloromethane (7:3 vol:vol) and methanol, respectively. GC-MS analysis was performed on the aliphatic and aromatic fractions using a Trace GC Ultra-DSQ TM mass spectrometer (ionising energy 70 eV; ion-source temperature 250˚C; transfer line temperature 250˚C; splitless), operated in full scan and single ion monitoring (SIM) mode. In this instance, a HP-5MS column (30m × 0.32 mm × 0.25 µm) was used for GC-MS analysis, with an oven temperature of 80˚C (1 min) to 300˚C (20 min) at a rate of 3˚C/min, with helium as the carrier gas at a flow rate of 1.5 ml/min. The ions of most interest were m/z 191 (for terpanes), m/z 217 (for steranes), and m/z 231 (for methylsteranes).
RESULTS
The results in Salgan shale (TOC = 5.17%) are illustrated in Figure 2 . The TIC (total ion current), m/z 191, and m/z 217 mass chromatograms for aliphatic hydrocarbons of the Soxhlet extracts are presented on the left side of Figure 2 (Fig. 2a-c) , while the corresponding chromatograms for the HyPy products are showed on the right (Fig. 2d-f ).The normal alkanes in the aliphatic fraction (Fig. 2a) from Soxhlet extracts are dominated by n-C 14 to n-C 20 , ranging from n-C 12 to n-C 32 (Fig. 2a) . The TIC chromatograms of the hydropyrolysate (Fig. 2d ) illustrate similar n-alkane distributions ( Fig. 2a) , but longer-chain n-alkanes (n-C 32 -n-C 36 ) are seen in the hydropyrolysate (Fig.2d) . The most remarkable feature is that free terpanes and steranes are not detected, even under the SIM mode, in the Soxhlet extracts (Figs. 2b and c). However, the complete range of bound terpanes (C 27 -C 35 ) and steranes occur in the hydropyrolysate (Figs. 2e and f). Bound triterpanes in the Salgan Shale, dominated by C 23 triterpane (Fig. 2e) indicates some form of typical marine organic matter input. The gammacerane index value (Ga/C 30 H = 0.2) suggests a stratified water column with some salinity in the depositional environment (Sinninghe Damsté et al., 1995) . Meanwhile, the HyPy technique provides a complete range of bound steranes ( Fig. 2f ) with large quantities of pregnane (C 21 ), homopregnane (C 22 ), rearranged and regular steranes (C 27 -C 29 ). The three peaks for C 27 , C 28 and C 29 ααα(20R) bound steranes form a "V" shape, which commonly indicates a significant contribution from low-rank biology. Similarly, the GC-MS results for the free and bound aliphatic fractions of the Yingan shale (TOC = 1.49%) are shown in Figure 3 . The TIC chromatogram of the free aliphatics produced from DCM extracts (Fig. 3a) shows a carbon number rang of n-C 13 -n-C 33 , dominated by short-chain aliphatics (n-C 13 -n-C 19 ) associated with small amounts of pristane and phytane (Pr/Ph ≈ 2.5), confirming marine microalgae input and a weakly oxidising depositional environment. Compared to Figure 3a , the yields of bound pristane and phytane in the hydropyrolysate (Fig. 3d) are much lower than the corresponding free biomarkers, which has also been reported previously (Murray et al., 1998) . This phenomenon may imply that pristane-and phytane-like structures are not generally bound into kerogen. Almost no free terpanes or steranes (Figs. 3b and c) are detected in the DCM extracts, but the m/z 191 chromatograms of hydropyrolysate (Fig. 3e) contain the complete range of bound hopane homologues (C 27 -C 35 ). The yield of bound triterpanes in Yingan shale is somewhat less than C 30 hopane, with C 23 TT/C 30 H < 0.2, similar to the ratio found in the Salgan shale. The gammacerane index (Ga/C 30 H = 0.15) is slightly lower than that of Salgan shale. The integrated distribution of steranes (Fig. 2f) shows a high proportion of pregnane (C 21 ), homopregnane (C 22 ), rearranged and regular steranes. The distribution of the C 27 , C 28 and C 29 ααα(20R) peaks with type of C 27 > C 28 < C 29 also suggest a dominant contribution from low-rank biology. 
DISCUSSION 4.1. The high efficiency of Catalytic hydropyrolysis
The successful releasing of the bound biomarkers via HyPy may be explained in the following three ways: 1) the high temperature (520˚C) supplied sufficient energy to sever covalent bonds, since significant C-C bond cleavage occurs at temperatures above 400˚C , and heteroatom bonds (-O-, -S-) are severed considerably below 450˚C (Rocha et al., 1997) ; 2) the presence of the catalyst remarkably lowered the reaction temperature (Li et al., 1991) , favouring the formation of hydrogen-free radicals; and 3) the use of hydrogen as the protection gas prevented inter-reaction of the free radicals, ensuring that they reacted only with the macromolecules (Zhou et al., 2006) . In previous studies, the catalytic effects were mainly proved by the two facts: 1) yields of DCM-soluble oil in the hydropyrolysate were surprisingly higher than those directly from DCM extracts; 2) C 33 -C 35 17β(H), 21β(H)-hopanes occurred in the hydropyrolysate, which were usually absent in the DCM extracts (Love et al., 1995; Robinson et al., 1991; Lafferty et al., 1993) . In this present study, HyPy was conducted on real geological samples lacking free biomarkers and released the complete range of bound biomarkers. On the one hand, this undoubtedly confirmed the high efficiency of Hypy to release bound biomarkers. On the other hand, this also proved the protection for the bound organics indeed existed.
The maturity of the bound biomarkers
During this research, more attention is paid on the maturity information for the bound biomarkers. The maturity parameters for hydropyrolysate are listed in Table 2 . On the whole, a little higher maturity parameter values for the bound biomarkers, except the moretane/hopane index, occurred in the Salgan shale relative to those in the Yingan shale (Table 2) , which is consistent with the elder age for the Salgan shale.
According to a chart of maturity parameters of biomarkers and their corresponding oil generation stages (Peters et al., 2004) , the bound biomarkers maturity indicators in Salgan shale, including the Ts/(Ts+Tm) ratio (0.52), moretane/hopane index (0.129), the ratios of C 29 sterane 20S/(20R+20S) (0.487) and C 29 αββ/(C 29 αββ+C 29 ααα) (0.49), all pointed to an effective R o of approximately 0.7-0.75%. Similarly, relatively lower values for the bound biomarkers in Yingan shale can be pointed and corresponded to Table 2 . Values of maturity parameters of steroids and terpenoids for the kerogen an effective R o of approximately 0.65-0.73%. These inferred values for bound biomarkers were significantly lower than those measured vitrinite reflectances (1.36% for Salgan shale and 1.2% for Yingan shale), which indicated that organic matter (including the bound biomarkers) within the kerogen structure had been indeed protected by the kerogen structure (Love et al., 1996; Lockhart et al., 2008) and subjected to a weaker thermal destruction.
Geological meaning for bound biomarkers
Generally, the protection afforded by the macromolecular structure retards the maturity of bound biomarkers compared to the free biomarkers. Many previous studies have illustrated this phenomenon for mature or over-mature samples (Love et al., 1996; Lockhart et al., 2008; Murray et al., 1998; Peters et al., 1990) . In fact, the maturity of the bound biomarkers has been artificially elevated by the high temperature (520°C) of the HyPy technique. Thus, the maturity evaluated for the bound biomarkers during section 4.2 should be relatively lower (<0.65% -0.75%) when excluding the heating effect during the Hypy treatment for Salgan and Yingan shales.
Recalling the geological evolution of biomarkers: the kerogen polycondensation occurred at an early stage (Tissot and Welte, 1978; Vandenbroucke and Largeau, 2007) ; subsequently, the biomarkers were incorporated into the macromolecular structure during early diagenesis (Richnow et al., 1992; Trifilieff et al., 1992; Farrimond et al., 2003) ; because of the protection by the kerogen structure, compared to the unbound free organic matter, the bound organics suffered weaker thermo destruction (Bishop et al., 1998; Murray et al., 1998) when they subjected to the same thermal process. As a result, the bound biomarkers exhibit a lower maturity than the free biomarkers. Thus, in this study, a relatively lower limit (R o ≤ 0.65%) was evaluated for the bound organic matter for the Salgan and Yingan shales if considering the actually heating effect during HyPy treatment. This means that the micromolecular biomarkers should be incorporated into kerogen before R o = 0.65%, that is, prior to the oil generation window.
Reasons for the lack of free biomarkers
Weathering influencing the biomarkers distribution Liang et al., 2005) seems firstly be excluded because fresh shales occurred in the Salgan and Yingan Formation in the Keping outcrops and especially complete distribution of nalkanes and isoprenoids existed in the aliphatic hydrocarbon fractions.
It is generally agreed that high maturity will affect the distribution of biomarkers. Hopanes and steranes are also probably more susceptible to lose by cracking and aromatisation reactions at relatively high maturities (Murray et al., 1998) . Previous studies have suggested that biomarkers from high-maturity source rocks have a similar and low concentration pattern (Liang et al., 2005) . Based on the measured reflectance of marine vitrinite-like macerals, the R o value of the Salgan shale sample was 1.36% in this study, which was consistent with previous result in the range of 1.1% -1.3% (Fan et al., 1990) rather than in the range of 1.58-1.61% (Wang et al., 2008) . Thus, the Salgan and Yingan shales were only in the transformed period between oil generation and condensate gas generation, which is far from being destroyed at the over-mature stage. Moreover, more free biomarkers have been obtained from Cambrian and Ordovician core sediments with a higher R o (> 1.6%) in the Keping and other areas in the Tarim Basin Ma et al., 2006) . Therefore, high maturity cannot be cited to explain the missed free biomarkers in the Salgan and Yingan shales.
Secondly, multilayered Permian basalts have been reported in the Keping area (Yu et al., 2010) , implying that the accompanying hydrothermal solution probably destroyed the composition of the hydrocarbons. Previous studies have shown that circulated hydrothermal brines (Blumer, 1975; Wing and Bada, 1991) and hydrothermal fluids with oxidising brines, as well as regional low-grade metamorphism (Brocks, 2002; Brocks et al., 2003) , would have destroyed the hydrocarbons. However, n-alkanes with complete and normal carbon number distributions appear in the saturated hydrocarbon fractions (Figs. 2a and 3a) in the Salgan and Yingan shales, which indicates that hydrothermal fluids in the Keping area did not influence the hydrocarbon composition. Thus, hydrothermal solution from Permian period is not the reason for the loss of free biomarkers in the Salgan and Yingan shales.
Thirdly, it has been found that organic carbon is positively correlated with the quantity of clay minerals in sediments and carbonate rocks (Kennedy et al., 2002) . Therefore, the adsorption provided by little clay minerals was not in favor of the adsorption and preservation of free biomarkers. Thus, XRD analysis was conducted on the HyPy samples and nearby samples. The results showed that the amount of clay minerals (Table 3 ) was in the range of about 27.4-37.3%. Therefore, neither is the clay mineral content the main reason for the loss of free biomarkers.
Finally, organic matter input was considered. Based on palaeobiological studies, Cyanobacteria, Botryococcus, Dunaliellaceae, Volvocaceae, Myxococcoides and Coccoid dinoflagellates have been reported in many Ordovician sediments over most of the Tarim Basin (Wang et al., 2001; Bian et al., 2003; Zhang et al., 2005) . However, for the Salgan shale, petrological observations indicate that there was no evidence of alginite fluorescence (Wang et al., 2008) . Almost all the Salgan samples Table 3 . Results of X-ray diffraction analysis for Salgan and Yingan shales were dominated by spiny acritarchs, especially Balti-sphaeridium, with intergrowths of graptolite (Li et al., 1999; . Although biomarker molecules were detected in the Precambrian acritarchs (Arouri et al., 2000; Talyzina et al., 2000; Yin et al., 2005) , those more precise analysis with higher resolution conducted by gas chromatography-mass spectrometry-mass spectrometry (GC-MS-MS) and metastable reaction monitoring (MRM)-GC-MS further proved that acritarchs provide only small quantities of biomarkers. Thus, the simplex acritarchs input is the most probable reason, which probably related to a special depositional environment. The Keping area during the Ordovician period located in the edge and slope part of carbonate platform Chen et al., 2012) , which should be favour for a large amounts of acritarchs input.
In summary, no free hopane or sterane compounds were detected in Soxhlet extracts due to simplex acritarchs input in the Keping area; and the bound biomarkers were detected in hydropyrolysate because of the protection by the kerogen structure (Love et al., 1996; Lockhart et al., 2008) .
CONCLUSIONS
Large yields of Soxhlet extracts were obtained from the Ordovician Salgan and Yingan shales, containing high proportions of n-alkanes. However, free biomarkers were not detected in saturated fractions, even in the SIM mode. Complete bound biomarkers were released by HyPy in this study, which confirms not only the high effectiveness of the HyPy technique for releasing bound biomarkers, but also protection of bound biomarkers from the kerogen structure. HyPy was proved to be efficient approach to acquire bound biomarkers, especially appropriate for samples lacking free biomarkers.
According to a chart of maturity parameters for biomarkers and corresponding oil generation stages (Peters et al., 2004) , all parameter values in Salgan shale pointed to a maturity range in 0.7-0.75% and a lower range of 0.65-0.73% in Yingan shale. Taking into account the effect of artificial heating during the Hypy technique, a relatively lower maturity is expected for the bound organic matters. Therefore, it is concluded that the incorporation of the biomarkers into the kerogen should occur prior to the oil generation window (before R o = 0.65%).
With regard to the lack of free steranes and hopanes in DCM extracts, high maturity or destruction from hydrothermal fluids should not be responsible for the unusual phenomenon and the simplex organic matter input dominated by acritarchs, may explain the absence of free biomarkers in the Ordovician Salgan and Yingan shales,.
